TITLE OF THE INVENTION 

IMAGE FORMING APPARATUS AND CONTROL METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2002-43415, filed 
July 23, 2002, in the Korean Intellectual Property Office, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to an image forming apparatus and a control method 
thereof, and more particularly, to an image forming apparatus and a control method thereof 
capable of precisely measuring electrical characteristics changes of factors relating to 
developing conditions of a developing apparatus and applying the developing conditions 
required for stably maintaining a printing quality to the developing apparatus. 

2. Description of the Related Art 

[0003] Printers, such as an image forming apparatus, may be mainly classified into an Inkjet 
printer and an electrostatic latent image printer. 

[0004] The electrostatic latent image printer is provided with a photo-sensitive body, a photo- 
scanning device, a developing device, and a transfer device. 

[0005] The developing device of the electrostatic latent image printer has developing rollers 
mounted in a predetermined space around the photo-sensitive body, and a developing agent- 
supplying device capable of supplying a developing agent through the space between the 
photo-sensitive body and the developing rollers during rotations of the developing rollers. 

[0006] In the developing device, it is important to uniformly supply the developing agent to 
the photo-sensitive body from the developing rollers in order to maintain a print quality. An AC 
voltage is generally applied between the developing rollers and the photo-sensitive body in 
order to smoothly supply the developing agent from the developing rollers to the photo-sensitive 
body. However, a supply amount of the developing agent to the photo-sensitive body may vary 
according to changes of the space between the developing rollers and the photo-sensitive body 
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(hereinafter referred to as a "developing gap") in response to an AC voltage applied between 
the developing rollers and the photo-sensitive body. 

[0007] U.S. Patent No. 5,521,683 discloses a printer applying variable AC voltages to the 
developing rollers based on such changes to the developing gap. However, the printer 
disclosed in the U.S. Patent No. 5,521,683 uses only the developing gap as a factor affecting 
developing currents. Namely, the printer applies a test voltage to the developing rollers and 
then measures a developing current flowing from the developing rollers to the photo-sensitive 
body, calculates from a lookup table the developing gap corresponding to the measured 
developing current, and determines a driving bias to be applied to the respective developing 
rollers in accordance with the developing gap. However, in addition to the developing gap, a 
resistance value may be a factor affecting the developing current flowing to the photo-sensitive 
body from the developing rollers. Since the resistance value of the developing rollers generally 
varies according to temperature and humidity changes, data on the developing gap obtained 
with only an effective value of the developing current may not precisely control the driving bias 
to be supplied to the developing rollers. As a result, a problem of difficulties in optimizing 
developing conditions occurs. In particular, the changes of the resistance value of the 
developing rollers affect the developing current more than the developing gap. 

SUMMARY OF THE INVENTION 

[0008] An aspect of the present invention is to solve at least the above and/or other problems 
and/or disadvantages and to provide at least the advantages described hereinafter. 

[0009] Accordingly, another aspect of the present invention is to solve the foregoing 
problems by providing an image forming apparatus and a control method thereof capable of 
precisely diagnosing factors relating to developing conditions and optimizing the developing 
conditions. 

[0010] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[001 1] In order to achieve the above and/or other aspects of the present invention, an image 
forming apparatus according to an embodiment of the present invention comprises developing 
rollers mounted to be spaced-apart from a photo-sensitive body and supplying a developing 
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agent to the photo-sensitive body, a bias-applying part applying a predetermined bias to the 
developing rollers through respective current-conducting paths to the photo-sensitive body from 
the developing rollers, an engine control part controlling the bias-applying part to generate a 
bias, and a current detection part detecting a current flowing through the developing rollers in 
response to the bias supplied from the bias-applying part. The engine control part controls the 
bias-applying part to supply a first test AC voltage having a set first frequency to the developing 
rollers and supply a second test AC voltage having a set second frequency to the developing 
rollers, calculates a resistance of the developing rollers and a developing gap between the 
developing rollers and the photo-sensitive body in accordance with a current value detected 
from the current detection part respectively corresponding to the frequencies, and controls the 
bias-applying part to supply the developing rollers with a bias voltage of a driving condition 
according to the calculated resistance of the developing rollers and the calculated developing 
gap. 

[0012] According to another aspect of the present invention, the engine control part controls 
the bias-applying part to supply a set test AC voltage to the developing rollers, calculates a 
resistance of the developing rollers and a developing gap in accordance with information on a 
phase difference between the developing current outputted from the current detection part and 
the set test AC voltage, and controls the bias-applying part to supply the developing rollers with 
a bias of a driving condition according to the resistance of the developing rollers and the 
developing gap . 

[0013] According to another aspect of the present invention, the engine control part controls 
the bias-applying part to supply a set test AC voltage to the developing rollers, calculates a 
resistance of the developing rollers and a developing gap by analyzing data of currents 
outputted from the current detection part in accordance with developing current values 
corresponding to predetermined first and second times after a reference time on which a current 
peak value occurs, and controls the bias-applying part to supply the developing rollers with a 
bias of a driving condition according to the calculated resistance of the developing rollers and 
the calculated developing gap . 

[0014] Further, in order to achieve the above and/or other aspects, a method of controlling an 
image forming apparatus according to another embodiment of the present invention controls an 
image forming apparatus having developing rollers mounted to be spaced-apart from a photo- 
sensitive body and to supply a developing agent to the photo-sensitive body, a bias-applying 
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part supplying a predetermined bias to the developing rollers through respective current- 
conducting paths to the photo-sensitive body from the developing rollers, and an engine control 
part controlling the bias-applying part. The method comprises supplying a first test AC voltage 
having a set first frequency to the developing rollers, detecting a developing current flowing 
through the developing rollers in response to the first test AC voltage, supplying a second test 
AC voltage having a set first frequency to the developing rollers, detecting a developing current 
flowing through the developing rollers in response to the second test AC voltage, calculating a 
resistance of the developing rollers and a developing gap in accordance with data of the first 
and second test AC voltages and data of the developing currents detected in response to the 
respective first and second test AC voltages, and supplying the developing rollers with a bias 
voltage of a driving condition according to the calculated resistance of the developing rollers and 
the calculated developing gap. 

[0015] Further, a method of controlling an image forming apparatus according to another 
embodiment of the present invention comprises supplying a set test AC voltage to the 
developing rollers, detecting a current flowing through the developing rollers in response to the 
set test AC voltage, calculating a resistance of the developing rollers and a developing gap in 
accordance with information on a phase difference between the set test AC voltage and the 
detected current, and supplying the developing rollers with a bias of a driving condition 
according to the calculated resistance of the developing rollers and the calculated developing 
gap. 

[0016] Further, a method of controlling an image forming apparatus according to another 
embodiment of the present invention comprises supplying a set test AC voltage to the 
developing rollers, storing data of a developing current flowing through the developing rollers for 
a predetermined period of time in response to the set test AC voltage, calculating a resistance 
of the developing rollers and a developing gap in accordance with the developing current 
corresponding to the respective first and second times after a predetermined time with reference 
to a time on which a peak value occurs from the stored developing current data, and supplying 
the developing rollers with a bias of a driving condition according to the calculated resistance of 
the developing rollers and the calculated developing gap. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] These and/or other aspects, advantages, and other features of the present invention 
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will become more apparent and more readily appreciated from the following description of the 
preferred embodiments thereof, taken in conjunction with the accompanying drawings of which: 

FIG. 1 is a view schematically showing a printer according to an embodiment of the 
present invention; 

FIG. 2 is a view showing a circuit of a bias-applying part of the printer shown in FIG. 1 ; 
FIG. 3 is a view showing an equivalent circuit of the circuit of the bias-applying part 
shown in FIG. 2; 

FIG. 4 is a view showing waveforms obtained through simulating voltage waveforms of 
respective elements of a current loop in response to a sine waveform voltage(V A c + V DC ) formed 
with superimposed waveforms generated from a dc voltage source and an AC voltage source of 
the equivalent circuit shown in FIG. 3, respectively; 

FIG. 5 is a view showing a waveform indicating a developing current measured in a bias 
application condition of the waveforms shown in FIG. 4; 

FIG. 6 is a view showing waveforms obtained from measurements of the developing 
current according to different developing gaps existing between a developing roller and a photo- 
sensitive body shown in FIG. 2; 

FIG. 7 is a view showing waveforms obtained from measurements of the developing 
current according to different resistances of the developing rollers shown in FIG. 3; 

FIG. 8 is a flow chart showing a process determining a developing bias according to an 
embodiment of the present invention; 

FIG. 9 is a flow chart showing a process determining a developing bias according to 
another embodiment of the present invention; 

FIG. 10 is a view showing waveforms obtained from measurements of electric fields for 
developments according to different amplitudes of the AC voltages supplied to the developing 
rollers; 

FIG. 11 is a view showing waveforms obtained from measurements of developing 
electric fields according to different duty ratios of the AC voltages supplied to the developing 
rollers; 

FIG. 12 is a view showing waveforms obtained through simulating voltage waveforms of 
respective elements of a current loop in response to a rectangular voltage(V AC + V DC ) formed 
with superimposed waveforms generated from the dc voltage source and the AC voltage source 
of FIG. 3; 

FIG. 13 is a view showing a waveform indicating a developing current measured in the 
bias application condition of the wave formed shown in FIG.. 12; 
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FIG. 14 is a view for showing a waveform obtained from measurements of a developing 
electric field in the bias application condition of the wave formed shown in FIG. 12; 

FIG. 15 is a view showing a waveform obtained from experimental measurements with 
a rectangular AC voltage in the printer of FIG. 1 ; 

FIG. 16 is a flow chart showing a process determining a developing bias according to 
another embodiment of the present invention; and 

FIG. 17 is a view showing a waveform indicating a developing current obtained for a 
certain time period in accordance with a rectangular bias application in order to explain the 
process of determining the developing bias of the flow chart shown in FIG. 16. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described in 
order to explain the present invention by referring to the figures. 

[0019] FIG. 1 is a view schematically showing a printer 100 according to an embodiment of 
the present invention. Referring to FIG. 1 , the printer 100 is provided with a charger 110, a 
light-scanning device 120, a developing device 130, and a transfer device 140. 

[0020] The charger 110 charges a photo-sensitive drum 150 of a photo-sensitive body to a 
predetermined voltage. The light-scanning device 120 scans the photo-sensitive drum 150 with 
light corresponding to printing data. The developing device 130 has developing rollers 131 
independently supplying yellow, magenta, cyan, and black color developing agents to the photo- 
sensitive drum 150, respectively. 

[0021] The developing rollers 131 are arranged to be spaced-apart from the photo-sensitive 
drum 150 by a predetermined interval during a printing mode and supply respective developing 
agents to the photo-sensitive drum 150 during respective rotations thereof. A developing agent 
supplier has been omitted since the developing agent supplier is well known, forms a set with 
the corresponding developing rollers, and supplies the developing agents, such as toner, 
between the developing rollers 131 and the photo-sensitive drum 150. The developing agent 
supplier is a device supplying a certain amount of the developing agents to the corresponding 
developing rollers 131. The developing agent supplier has a blade (not shown) regulating the 



6 



amount of the developing agents supplied to a supply roller which supplies the toner, e.g., each 
developing agent, to the corresponding developing rollers 131 . The supply roller is supplied 
with a relatively low voltage compared to a voltage supplied by a bias-applying part 210. For 
example, in a case of the toner having a negative polarity, the supply roller is supplied with a 
voltage ranging from 100 to 200 volts. 

[0022] The transfer device 140 transfers an image formed on the photo-sensitive drum 1 50 to 
a transfer belt 141 which is in a state of endless track movements using plural rollers, and also 
transfers the transferred image on a recording paper inserted through a paper-feeding path 170. 
A roller 142 is connected to a voltage source (not shown) supplying a predetermined voltage to 
the roller 142 to enhance a transfer efficiency of the transfer device 140. 

[0023] The printer includes cleaning devices 181, 182 respectively contacting the transfer 
belt 141 and the photo-sensitive drum 150 to remove contaminants from the transfer belt 141 
and the photo-sensitive drum 150. 

[0024] The bias-applying part 210 is controlled by an engine control part 230 to enable 
predetermined biases to be variably applied to the developing rollers 131, respectively. 

[0025] The current detection part 220 detects currents (hereinafter referred to as "developing 
currents") flowing to the photo-sensitive drum 150 through the developing rollers 131 from the 
bias-applying part 210, and outputs detected developing current data to the engine control part 
230. 

[0026] FIG. 2 shows a circuit of the bias-applying part 210 of the printer 100. In FIG. 2, the 
bias-applying part 210 has an AC driving source 211 and a DC voltage source 213. The AC 
driving source 211 and the DC voltage source 213 are connected in series to the developing 
rollers 131, the photo-sensitive drum 150, and a developing current detection resistor Rs to form 
a current loop. 

[0027] The AC driving source 211 is controlled by the engine control part 230 and generates 
an AC voltage varying in a frequency, an amplitude, a duty, a waveform, and the like . Here, the 
waveform is referred to as a sine or rectangular waveform. 

[0028] The current detection part 220 detects and outputs to the engine control part 230 a 
voltage signal corresponding to a developing current flowing through the developing current 
detection resistor Rs. The current detection part 220 can detect the developing current flowing 
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in a wire of a current-passing path using an induction method. For example, a known current 
transformer may be used for a developing current detection mode of the induction method, and, 
in this case, the developing current detection resistor Rs may be omitted. 

[0029] The engine control part 230 controls the bias-applying part 210 during a developing 
condition adjustment mode by calculating a bias condition for properly supplying a developing 
agent to the photo-sensitive drum 150, and controls the developing device 130 based on the 
calculated bias condition when a printing job is carried out . 

[0030] Here, the developing condition adjustment mode can be set to automatically or 
manually select the developing condition adjustment mode through a key input part (not shown) 
of the printer or an external device. The developing condition adjustment mode may be, for 
example, selected upon finishing product assembly after replacements of developing device- 
related units. Further, the time when a time period for use expires and/or the time when the 
number of sheets of paper for the printing job reaches the set number may be set for a condition 
to select the automatic developing condition adjustment mode. In FIG. 2, V AC denotes the AC 
voltage outputted from the AC driving source, V DC denotes the DC voltage outputted from the 
DC voltage source, and a developing gap g is formed between the photo-sensitive drum 150 
and each of the developing rollers 131. 

[0031] In the meantime, FIG. 3 shows a circuit equivalent to the current loop of FIG. 2 with 
the current detection resistor omitted. A reference numeral i(t) in FIG. 3 denotes an instant 
developing current at an instant time t, V R is a resistance for the developing rollers, Vt is a 
voltage of a developing agent layer determined by the developing agent attached on a surface 
of each developing roller 131, C A is an equivalent capacitance of the developing gap g, V A is a 
voltage generated by the equivalent capacitance C A of the developing gap g, Cp is an equivalent 
capacitance of the photo-sensitive drum 150, and Vp is a voltage generated by the equivalent 
capacitance Cp of the photo-sensitive drum 150. 

[0032] The engine control part 230 calculates a resistance R of the developing rollers 131 
and the developing gap g by analyzing the equivalent circuit, determines from a lookup table 
optimum developing bias data corresponding to values of the calculated resistance R of the 
developing roller 131 and the calculated developing gap g, and sets the data as developing 
driving condition data to be applied during the printing mode thereafter. 

[0033] Prior to describing a process of calculating the resistance R of the developing rollers 
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131 and the developing gap g in the engine control part 230, an influence on the developing 
current i(t) by the resistance R of the developing rollers 131 and the developing gap g in the 
equivalent circuit of FIG. 3 is described with reference to FIG. 4 to FIG. 7. Although the 
influence and the process are explained in conjunction with one of the developing rollers 131 
hereinafter, the following descriptions for the influence and the process are applied to all 
developing rollers 131. The developing rollers are collectively called a developing roller since 
the developing rollers 131 have the same structure and function. 

[0034] First, FIG. 4 shows voltage waveforms of respective elements in the current loop 
when a voltage (V AC + V D c) obtained by superimposing the voltages respectively produced from 
the DC voltage source 213 and the AC driving source 211 is generated, and FIG. 5 shows a 
graph obtained from measurements of the developing current i(t) in a bias application condition 
of the voltage waveforms shown in FIG. 4. FIG. 6 is a graph obtained from measurements of 
developing currents when the developing gap g is 150pm, 200pm, 250pm, respectively, and 
FIG. 7 is a graph obtained from the measurements of the developing currents when the 
resistance R of the developing rollers 131 is 1MO, 5 MQ, and 10 MQ, respectively. As shown in 
the graphs of FIGS. 6 and 7, it can be seen that a first variation of the resistance R of the 
developing roller 131 affects the developing currents more than a second variation of the 
developing gap g. 

[0035] Hereinafter, descriptions are made on a process of calculating the values of the 
resistance R of the developing roller 131 and the developing gap g through an analysis of the 
equivalent circuit of FIG. 3. 

[0036] First, the developing current i(t) in the equivalent circuit is generated by the AC 
voltage source. Namely, a current due to a dc bias is not produced unless there are movements 
of the developing agent. Further, a developing electric field occurring due to only the dc bias 
applied to the developing gap g is generally very weak, so that it does not move the developing 
agent from the developing roller 131 to the photo-sensitive drum 150. 

[0037] Accordingly, a capacitive reactance of the developing gap g becomes smaller with 
respect to a bias obtained from the superimposed voltages of the DC voltage and the AC 
voltage so that a considerable developing current i(t) flows owing to an equivalent impedance 
connected in series to the resistance R of the developing rollers 131. In a case that a non- 
image region of the photo-sensitive drum 150 passes through the developing gap g, since the 
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current due to the dc bias does not occur, only a current based on the AC voltage flows. 
Further, when an image region of the photo-sensitive drum 150 passes through the developing 
gap g, the developing agent moves to the photo-sensitive drum 150 by an AC electric field, so a 
current corresponding to the movement of the developing agent is superimposed with the 
current produced by (based on) the AC voltage. However, the current due to the movement of 
the developing agent is generally less than 50pm. Accordingly, the current due to the 
movement of the developing agent is considerably small enough to be ignored compared to the 
current (in general, a few miliamperes (mA)) occurring due to the AC voltage. 

[0038] Meanwhile, another voltage source (not shown, a voltage source corresponding to a 
voltage V T produced by a developing agent layer of the developing rollers 131) different from the 
DC voltage source 213 in the equivalent circuit of FIG. 3 is applied to the equivalent circuit of 
FIG. 3 to generate a voltage of an extent of 20 to 50 V, which is small enough to be ignored 
compared to the bias produced by the superimposed voltages of the DC voltage source 213 and 
the AC driving source 211 . Further, the capacitance Cp of the photo-sensitive drum 150 is 
generally more than 30 times compared to the capacitance CA of the developing gap g, so that, 
in a case that the capacitance CA of the developing gap 9 and the capacitance Cp of the photo- 
sensitive drum 150 are connected in series, a series equivalent capacitor is greatly affected by 
the capacitance CA of the developing gap g. Accordingly, the capacitance Cp of the photo- 
sensitive drum 150 can be ignored since it has an infinitesimal influence on the developing 
current i(t).- 

[0039] When such ignorable factors are excluded, the developing current i(t) can be 
expressed in the following Formula 1 and Formula 2. 



Formula 1 



Formula 2 



i(0 = J^-— cos(2xft - tan" 1 A) 



1 M 



4r 2 -x 2 



Here, V M denotes an amplitude of the AC voltage(V A c) outputted from the AC driving source 
211, l M is a maximum developing current, i(t) is the instant developing current, X a capacitive 
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reactance ( X =— 7ifC A ) of the developing gap g, and f is a frequency of the AC voltage (V A c). 

[0040] By using Formula 1 and Formula 2, descriptions are made on a method of calculating 
the resistance R of the developing rollers 131 and the capacitance C A of the developing gap g. 

[0041] First, AC test voltages having different frequencies are applied to the developing roller 
131 in order to measure developing currents corresponding to the respective frequencies, are 
measured and then the resistance R of the developing rollers 131 and the developing gap g are 
calculated according to the developing currents. 

[0042] In this case, relationships between impedances Z1 and Z2 with respect to a first 
frequency f1 and a second frequency f2 are expressed in the following Formula 3 and Formula 
4. 

Formula 3 

z, 

Formula 4 

z 2 

wherein and Z 2 denote impedances in respective first and second frequencies f1 and f2, R is 
the resistance of the developing rollers 131, and li and l 2 are maximum developing currents in 
respective first and second frequencies f1 and f2. 

[0043] Meanwhile, X1 and X2 have relationships with the capacitance CA of the developing 
gap g as expressed in the following Formula 5 and Formula 6. 

Formula 5 



2ttf x C A 

Formula 6 

[0044] Accordingly, Formula 7 can be obtained by the capacitance C A of the developing gap 
by using Formula 3 to Formula 6 as below. 
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Formula 7 

[0045] Therefore, by using Formula 7, the capacitance C A of the developing gap g can be 
calculated from values of the impedances Z y and Z 2 that can be obtained and calculated 
through the current detection part 220 and the applied first and second frequencies f1 and f2. 

[0046] Further, the resistance R of the developing roller 131 can be expressed as the 
following Formula 8 from Formula 3 and Formula 4. 

Formula 8 

R — \j~Z~ 2 — X 2 = y[z } — X x 

[0047] Accordingly, a value of the resistance R of the developing roller 131 can be obtained 
by substituting in Formula 5 or Formula 6 the capacitance C A of the developing gap g calculated 
through Formula 7, calculating the capacitive reactance X1 or X2 of the developing gap g, and 
substituting the calculated value of the capacitive reactance X1 or X2 of the developing gap g in 
Formula 8. 

[0048] Meanwhile, the developing gap g can be calculated using Formula 9 as below. 
Formula 9 

g = F(C A ) 

[0049] In Formula 9, the relationship between the capacitance C A of the developing gap and 
the developing gap g can be calculated by using a function below together with a calculation 
method introduced in The journal of Engineering Electronmagnetics, Hayt, page 164: 

_ IrreLK 
"'cosh ~\{R a +g)IR a V 

wherein L denotes a length of the developing roller 131, K is a factor compensating for a fringe 
effect, Ra is a radius of the developing rollers 131, and £ is a dielectric constant. 

[0050] The engine control part 230, if the value of the resistance R of the developing roller 
131 and the developing gap g are calculated using the above calculation method, determines 
from the lookup table a driving bias of an optimum condition corresponding to the calculated 
value of the resistance R of the developing roller 131 and the developing gap g and sets a 



12 



developing driving condition. 

[0051] FIG. 8 shows a process determining a developing bias by such a method. First, the 
engine control part 230 applies a test AC voltage of a first frequency to the developing roller 131 
in operation 310, and obtains a maximum value of a developing current i(t) detected with 
respect to an applied frequency in operation 320 . 

[0052] As stated above, the engine control part 230 applies a test AC voltage to the 
developing rollers 131 in operation 330, and obtains a maximum value of the developing current 
i(t) detected with respect to the applied first frequency in operation 340 . 

[0053] Here, it is possible that voltages of sinusoidal waveforms are used for the first and 
second test AC voltages if the first and second test AC voltages have the same amplitude and 
different frequencies. 

[0054] Thereafter, the engine control part 230 calculates the resistance R of the developing 
roller 131 and the developing gap g by using the functions described through Formula 3 to 
Formula 9 from obtained data and driving data in operation 350 . 

[0055] The engine control part 230 determines a developing bias application condition 
corresponding to the calculated resistance R of the developing roller 131 and the developing 
gap g in operation 360 . Here, the developing bias application condition determined in the 
operation 360 is referred to as a setting value (developing bias) as to the amplitude and the duty 
ratio of the AC voltage to be outputted in the AC driving source 211 in a printing mode for 
carrying out the printing job. 

[0056] In the meantime, as another embodiment of the present invention, descriptions will be 
made on a method of calculating the resistance R of the developing roller 131 and the 
capacitance C A of the developing gap g from a difference between a phase of the AC voltage 
V AC and a phase of the developing current i(t). 

[0057] First, a phase difference (O) between a phase (<t>1 ) of the developing current i(t) and a 
phase (<J>2) of the AC voltage has the following relationship between the resistance R of the 
developing roller 131 and a capacitive reactance X of the developing gap g: 

Formula 10 

0 = 0, -<D 2 = taiT 1 (A7J?) 
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[0058] Further, an impedance can be expressed in an equation related to the resistance R of 
the developing roller 131 and the capacitive reactance X of the developing gap g, as shown in 
Formula 11 below: 

Formula 11 

Z = V M /I = ylR 2 +X 2 

[0059] Accordingly, using a value of the impedance Z and a value of the phase difference O 
which can be obtained from the maximum value of first and second test developing current i(t) 
detected through the current detection part 220 and a value of the supplied AC voltage, the 
resistance R of the developing rollers 131 can be obtained by using the following Formula 12 
below: 

Formula 12 

i? = Zcos(<D) 

[0060] Further, the capacitive reactance X of the developing gap g can be obtained from the 
following Formula 13 below, and the developing gap capacitance Ca can be obtained through 
the following Formula 14 related thereto. 

Formula 13 

^ = Zsin(cD) 

Formula 14 

C A =\/(2nfX) 

[0061] If the capacitance C A of the developing gap g is obtained, the developing gap g can 
be calculated by using preceding Formula 9. 

[0062] FIG. 9 shows a process of determining the developing bias of the developing bias 
application condition based on the above method of FIG. 8. First, the engine control part 230 
applies a set test AC voltage to the developing roller 131 in operation 410, and detects a 
maximum value of the developing current i(t) detected as to the applied test AC voltage in 
operation 420 . 

[0063] Further, the engine control part 230 calculates a difference between a phase of the 
test AC voltage and a phase of the developing current i(t) in operation 430 . The phase 
difference calculation uses information on a peak voltage-applying timing of the test AC voltage 
and a maximum value detection timing of the developing current i(t). 
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[0064] Thereafter, the engine control part 230 calculates the resistance R of the developing 
roller 131 and the developing gap g by the calculation method described through preceding 
Formula 10 to Formula 14 from obtained data and driving data in operation 440). 

[0065] Further, the engine control part 230 determines the developing bias application 
condition corresponding to the calculated resistance R of the developing roller 131 and the 
developing gap g. 

[0066] The optimum developing bias conditions corresponding to the resistance R of the 
developing roller 131 and the developing gap g in the embodiments described above are 
experimentally obtained and recorded in the lookup table of the engine control part 230. That is, 
according to the experiments, if an AC voltage amplitude increases, a developing electric field 
formed in the developing gap g becomes stronger as shown in FIG. 10, and, if the duty ratio 
thereof increases, the developing electric field becomes weaker as shown in FIG. 11. 
Therefore, the optimum developing bias conditions corresponding to the resistance R of the 
developing roller 131 and the developing gap g are obtained in advance in consideration of the 
AC voltage amplitude and the duty ratio affecting the developing electric field and recorded in 
the lookup table. 

[0067] That is, developing bias application data is experimentally obtained and recorded in 
the lookup table, which increases the AC voltage amplitude and decreases the duty ratio if a 
resistance value of the developing roller 131 becomes larger than a reference value which is an 
arbitrary reference resistance value, and decreases the AC voltage amplitude and increases the 
duty ratio if the resistance value of the developing roller 131 becomes smaller than the 
reference value. 

[0068] Hereinafter, descriptions will be made on a process of calculating the resistance R of 
the developing roller 131 and the developing gap g in response to a rectangular test AC voltage, 
which is supplied to the developing roller 131, and then determining the developing bias driving 
condition from the calculation of the resistance R of the developing roller 131 and the 
developing gap g according to another embodiment of the present invention. 

[0069] First, prior to a description on a driving bias determination process, characteristics 
based on rectangular AC voltages can be observed in FIGS. 12 to 15. 

[0070] FIG. 12 shows voltage waveforms of respective elements in the equivalent circuit of 
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FIG. 3 when the rectangular test AC voltage is supplied to the developing roller 131 , and FIGS. 
13 and 14 are waveforms of the developing current i(t) and the developing electric field 
corresponding to FIG. 12. FIG. 15 shows a developing current waveform experimentally 
obtained in order to verify whether simulation results of FIG. 1 3 substantially match. The 
comparison of FIG. 13 and FIG. 15 shows that an analysis based on the simulation of the 
equivalent circuit substantially matches. 

[0071] Hereinafter, a process will be described which determines the developing bias driving 
condition using a time constant relation equation in accordance with the rectangular AC voltage. 

[0072J First, the instant developing current i(t) is expressed in the following Formula 15 as a 
relation equation involving a time constant. 

Formula 15 

2V 

i(t) = I exp(-/ / r) - —^2- exp(-/ / r) , 
R 

wherein I denotes a peak value of the developing current i(t) and V A mp denotes the amplitude of 
the rectangular AC voltage. 

[0073] In the meantime, the following Formula 16 expresses the resistance R of the 
developing roller 131 in a relation equation of the developing current i(t) and a driving voltage. 



£ _. W AMP \ 

I 

[0074] Accordingly, the resistance R of the developing roller 131 is calculated using Formula 
16 in accordance with a developing current value detected from the current detection part 220 
and information on the rectangular AC voltage. 

[0075] Meanwhile, the following Formula 17 expresses the time constant in instant 
developing current values of first and second times corresponding to a sequential and equal 
interval after the time at which a peak developing current is produced as to the instant 
developing current i(t): 

Formula 17 

r = (t 2 -t ] )\n(i(t ] )/i(t 2 )) 
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[0076] Therefore, the time constant can be obtained by using Formula 17, and a developing 
gap capacitance can be obtained using the following Formula 18 . 

Formula 18 

C A =r/R 

[0077] Further, the developing gap g can be calculated in accordance with the calculated 
developing gap capacitance C A substituted in preceding Formula 9. 

[0078] FIG. 16 shows a developing bias determination process based on the method 
described above . First, the engine control part 230 applies a set test AC voltage to the 
developing roller 131 in operation 510, and stores an instant developing current value including 
a maximum developing current value detected for the applied test AC voltage in operation 520 ). 

[0079] The obtained developing current value is converted into a digital signal and stored in a 
memory (not shown) of the engine control part 230. 

[0080] Next, when the time at which a developing current peak value occurs from the stored 
developing current data, the engine control part 230 extracts a first developing current value at a 
first time after the reference time and a second developing current value at a second time after 
the first time in operation 530 . 

[0081] Thereafter, by using the obtained data and the driving data information, the engine 
control part 230 calculates the resistance R of the developing roller 131 and the developing gap 
g based on the method described through preceding Formula 15 to Formula 18 in operation 540 
. That is, when developing current detection data as shown in FIG. 17 is obtained for a certain 
period of time and the time at which a current peak occurs is referred to as a reference time (tO), 
the engine control part 230 takes a current value matching with a first time (t1) and a second 
time (t2) corresponding to a time interval set from the reference time (tO) and calculates the 
resistance R of the developing roller 131 and the developing gap g. 

[0082] Thereafter, the engine control part 230 determines the developing bias application 
condition corresponding to the calculated the resistance R of the developing roller 131 and the 
developing gap g in operation 550 . 

[0083] As described so far, the image forming apparatus and the control method thereof 
according to the present invention precisely calculate a resistance value of the developing roller 
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and a developing gap, and determine a bias to be applied to the developing roller, thereby 
preventing the deterioration of a printing quality due to environment changes and parts 
characteristics variations. 

[0084] Although the preferred embodiment of the present invention has been described, it will 
be understood by those skilled in the art that the present invention should not be limited to the 
described preferred embodiment, but various changes and modifications can be made within 
the spirit and scope of the present invention as defined by the appended claims and their 
equivalents. 
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